Summary. Thirty-four lactating Holstein cows were randomly assigned to four groups for treatment with human chorionic gonadotrophin (hCG, 1000 iu) at insemination day 0 (n = 8) or 7 (n = 9) or 14 days (n = 9) after insemination or with no hCG treatment (control, n = 8). Ultrasound imaging of the ovaries and plasma progesterone measurements were carried out to determine follicular dynamics and corpus luteum growth and function. Rates of formation of accessory corpora lutea were higher among cows treated on days 0 (three cows), 7 (seven cows) or 14 (four cows) than in the controls (one cow). Total corpus luteum diameter was greater (P < 0\m=.\01)among hCG\x=req-\ treated cows than in controls 7\p=n-\42 days after insemination. Concentrations of progesterone in plasma were significantly (P < 0\m=.\05)higher in cows treated with hCG on days 7 or 14 than in those treated on day 0 or in controls, at days 18, 35 or 42 after insemination. Seven of the cows treated on day 7 became pregnant, whereas four, four and three cows treated on days 0 or 14 and control cows became pregnant, respectively. The results suggest that hCG treatment at 7 days after insemination could be used to produce accessory corpora lutea, raise plasma progesterone concentration and hence reduce the incidence of early embryonic mortality in cattle.
Introduction
The necessity of the corpus luteum for the establishment and maintenance of early pregnancy in domestic animals is well documented (Henricks et al., 1970; Randel et ai, 1971; Erb et al., 1976; Bulman & Lamming, 1978) . Many cows that fail to maintain pregnancies tend to have low pro¬ gesterone concentrations in the early and mid-luteal phases (Bulman & Lamming, 1978) . It has been suggested that, in such animals, the corpus luteum may not be functioning optimally, suggest¬ ing inadequate function, long suspected to occur in cattle, causing substantial losses in repro¬ duction (Henricks et al., 1970; Erb et al., 1976; Lukaszewska & Hansel, 1980; Wilmut et ai, 1985) . Measures for correcting this reproductive failure have included (i) the use of exogenous progester¬ one (Northey et ai, 1985; Robinson et al., 1989) , (ii) administration of human chorionic gonado¬ trophin (hCG) (Veenhuizen et ai, 1972; Wagner et ai, 1973; Holness et al, 1982; Breuel et al, 1990) and (iii) gonadotrophin-releasing hormone (Nakao et al, 1983; Lewis et al, 1990) , after insemination. Results obtained with these methods have, however, not consistently improved pregnancy rates.
The purpose of this study was to develop a treatment for reducing embryonic mortality that may be attributed to inadequate function of the corpus luteum. It was postulated that supplement¬ ing endogenous progesterone production can be achieved most efficiently by inducing the develop¬ ment of accessory corpora lutea. Ideally, healthy, large follicles should be present during induction of formation of accessory corpora lutea. Studies using ultrasound imaging in heifers and cows have shown oestrous cycles characterized by two waves of follicular growth (Pierson & Ginther, 1987 Rajamahendran & Taylor, 1990) and cycles with three waves (Savio et al, 1988; Sirois & Fortune, 1988) . These waves culminate in the emergence of at least one large follicle on the day of oestrus and insemination (day 0), at 7 and occasionally 14 days after oestrus or insemination (Taylor & Rajamahendran, 1991a, b) . Reports also indicate that these large follicles possess luteinizing hormone receptors (Ireland & Roche, 1983; Ireland, 1987) , the concentrations of which vary with the stage of the oestrous cycle (Bennet et al, 1989 (1990) and Taylor & Rajamahendran (1991a) . Ultrasound scanning was carried out on days 7, 9, 11, 14, 16, 18, 21, 28, 35 and 42 (Rajamahendran & Taylor, 1990) . The intra-assay coefficient of variation (CV) was 7-9%; the interassay CVs for the oestrous, early and late dioestrous samples were 10-3, 11-0 and 9-7%, respectively.
Pregnancy diagnosis
Establishment of pregnancy was verified using the ultrasound scanner (Taylor & Rajamahendran, 1991a 
Statistical analysis
Data for total diameter of corpora lutea and plasma progesterone were analysed using a split-plot experimental design. The least-squares analysis of variance procedure in the General Linear Models, SAS (SAS Institute, Inc.), was used to test for differences among treatments.
Results
Induction of accessory corpora lutea Ultrasound scanning of the ovaries of control cows at day 7 after insemination revealed that six cows had single ovulation; one had spontaneous twin ovulations (Fig. la) ; and another failed to ovulate. Among cows treated with hCG at day 0, three cows each had two corpora lutea (Fig. lb) ; one cow in this group did not ovulate and developed a cystic follicle, which appeared luteinized, as shown by a fine luteal-like grainy layer circumscribing the dark follicular structure (Fig. lc) . The remaining four cows in this group, had single ovulation.
Among cows treated with hCG on day 7 after insemination, the largest and second largest follicles present at the time of administering the treatment ranged from 13 to 22 and from 9 to 21 mm in diameter, respectively. The largest follicle ovulated in four cows after treatment with hCG. The induced corpus luteum was contralateral ( = 2) or ipsilateral (n = 2) to the spon¬ taneous corpus luteum. In the fifth cow, the largest follicle on one ovary and the second largest follicle on the other ovary ovulated. This cow also had twin spontaneous ovulations (Fig. Id) . In another two cows, the second largest follicle ipsilateral to the spontaneous corpus luteum ovulated. The largest follicles in these two cows were present after the emergence of the induced corpus luteum, but subsequently regressed. In the two remaining cows, none of the large follicles ovulated. In the group treated on day 14, large follicles (9-27 mm) were present in all cows when hCG was administered. Four out of nine cows formed accessory corpora lutea. In these cows, the largest follicle present at the time of treatment failed to ovulate. The ovulatory follicle was the second largest in three cows, located contralateral to the spontaneous corpus luteum. In the fourth cow, the third largest follicle (9 mm), ipsilateral to the spontaneous corpus luteum, ovulated (Fig. le) .
Growth of corpora lutea
On day 7 after insemination, corpora lutea of cows treated on day 0 had a significantly larger (P < 005) diameter than those in any of the other groups (Fig. 2a) . At day 14, cows treated on day 7 had corpora lutea with significantly larger (P < 0001) diameters than those in the other groups. A slight decline in diameter was observed in corpora lutea of all treated and control cows on days 21, 28, 35 and 42, but the least-squares means were significantly higher (P < 0-01) for day 7 than for other groups.
Persistence of corpora lutea After fertile inseminations, induced corpora lutea were present until the termination of the experiment (Fig. 2b) 
Concentration of progesterone in plasma
There was a trend for higher progesterone concentrations in plasma of animals treated on day 7 or day 14 than in those treated on day 0 or in controls (Fig. 2c ). Concentrations were significantly (P < 001) influenced by the sampling period. By day 18 after mating, cows treated on day 7 or 14 had significantly higher progesterone concentrations than cows treated on day 0 or control cows. The respective least-squares means for plasma concentrations were 5-3 ± 10, 7-4 ± 0-9, 7-2 + 0-8 and 4-9 + 0-8 ng ml" ' 
Discussion
The study showed that seven of nine cows treated with hCG on day 7 after insemination developed accessory corpora lutea. Similar results were reported by Price & Webb (1989) and Walton et al (1990) after the use of hCG between days 4 and 7 after oestrus in unmated cows, but without reference to follicular status at the time of administering treatment. The higher incidence of induced ovulations among cows treated on day 7 can be attributed to several factors. Dominant follicles present on day 7 are less likely to be atretic (Rajakoski, 1960; Merz et al, 1981 ; Bennett et al, 1989;  Taylor & Rajamahendran, 1991 b) and have been reported to possess more luteinizing hormone receptors (Bennett et al, 1989) . Savio et al. (1990) found that the dominant follicle was ovulatory in about 93% of heifers after regression of the corpora lutea using a single injection of prostaglandin F2a on day 7 after oestrus.
Conversely, a reduction in responsiveness was experienced when hCG was administered on day 14 after insemination. Similar results were reported by Price & Webb (1989) and by McDermott et al (1986) in cyclic animals. We (Taylor & Rajamhendran, 1991b) have previously shown that, in a two-wave pattern of follicular growth, the largest follicle present around day 14 in lactating cows is regressing and therefore atretic. Ireland & Roche (1982 and found that such atretic follicles show diminished capability to bind luteinizing hormone during late dioestrus.
The induced ovulations (day 7 and day 14 group) resulted in the development of structures similar in appearance to the spontaneous corpora lutea. Treatment with hCG leads to significant increases in total diameter of corpora lutea. An initial increase in such diameter was evident in all hCG-treated cows and was taken to indicate the response of spontaneous corpora lutea to the luteotrophic effect of hCG. The corpora lutea that were induced by the hCG treatment grew to such an extent that at one point it was difficult to distinguish between spontaneous and induced corpora lutea. Difficulty was also experienced by Price & Webb (1989) when induced corpora lutea were determined by laparoscopy.
No data are available in the literature on formation and progressional growth of induced cor¬ pora lutea in cattle. Results obtained in this study, on a continuous basis using an ultrasonographic technique, provide evidence that the induced corpora lutea: (i) regress with spontaneous corpora lutea, and cows return to oestrus at the normal time (cows treated on day 0 or day 7), although there are indications of slight extension of oestrous cycles among some day 14 cows failing to establish pregnancy; and (ii) are maintained until at least day 80 after fertile inseminations. The extensions in cycle length noted in cows treated on day 14 could have been due to early embryonic mortality, changes in follicular wave pattern and/or disruption of the dominant follicle that is necessary for the initiation of the luteolytic process (Fogwell et al, 1985) .
Treatment of cows with 1000 iu hCG on day 7 or 14 after insemination resulted in increased plasma progesterone. Such increases after hCG treatment at different stages of the oestrous cycle have been reported by others (Mason et al, 1962; Edquin & Sequin, 1982; Shipley et al, 1988; Breuel et al, 1990) . The increased progesterone synthesis could have resulted from hypertrophy of luteal cells in the spontaneous corpora lutea (Veenhuizen et al, 1972; Helmer & Britt, 1986) and from formation of accessory corpora lutea. The functional aspect of induced corpora lutea was not determined in this study, but the ultrasonographic structure of the induced corpora lutea and the occurrence of the highest progesterone profile in cows treated on day 7 (seven of nine cows formed accessory corpora lutea) indicates that the induced corpora lutea are functional.
Results of experiments on the effect of treatment with hCG on fertility are variable. Brown et al (1973) and Wagner et al (1973) found that injection of hCG at mating increased conception rate in beef heifers, but Hansel et al ( 1979) and Morris et al ( 1976) reported no significant effect of hCG at breeding in lactating cows. Treatment with hCG approximately three days after mating either had no effect or reduced conception rates in beef heifers (Wagner et al, 1973; Morris et al, 1976; Breuel et al, 1990) . In this study, seven of nine cows treated with hCG on day 7 were diagnosed pregnant. Little information is available on pregnancy after hCG treatment on day 7 or day 14 after insemi¬ nation. A large-scale field study carried out by our group (Sianangama et al, 1990) showed a significant increase in pregnancy rates after hCG treatment 7 days after insemination.
This study showed that administration of hCG at different times after mating caused ovulation of large follicles. Ovulatory response was greatest when hCG was given on day 7 after insemination. Induced corpora lutea were not different from spontaneous corpora lutea at the level of ultrasonography and were maintained for the duration of nonfertile oestrous cycles and possibly throughout gestation. Progesterone concentrations after hCG treatment increased in plasma during the exper¬ imental period. The incidence of pregnancy was highest when hCG was administered at day 7 after insemination. (1982) Observations on the use of human chorionic gonado-
